The partitioning of nitrogen deposition among forest soil (including forest floor), leachate and above-and belowground biomass of pot cultured beech seedlings in comparison to non-cultured treatments were investigated by adding although statistically it was not significantly different. In total the immobilization of ammonium in the plant-soil system was about 60%
Introduction
Temperate forests are recipients of anthropogenic nitrogen deposition. It is demonstrated that elevated atmospheric N inputs to forest ecosystems in long term can lead to increased net N mineralization and nitrification in soils, increased soil acidification, nutrient imbalances in plant tissues, reductions in plant growth, changes in species composition, altered fluxes of trace gases and increased nitrate leaching and simultaneous base cations losses (Aber et al. 1989; Bowden et al. 1991) . The excessive nitrogen inputs have led to concerns regarding the ability of forest ecosystems to assimilate and retain additional nitrogen and saturation of nitrogen retention capacity in forest ecosystems with respect to nitrogen inputs (Aber et al. 1989; Aber 1992; Durka et al. 1994; Wright and Van Breemen 1995; Dise and Wright 1995) . Because growth in forest ecosystems is often limited by N availability, elevated N inputs from the atmosphere can influence above-and belowground biomass production in forests. The assimilation of N by vegetation is small relative to the quantity of N retained by soil organic matter Nadelhoffer et al. 1995; Magill et al. 1996 Magill et al. , 1997 Magill et al. , 2000 . The processes by which N retention and incorporation occur in total plant-soil system and the effect of added N on soil nitrogen cycling dynamics are not well understood. Many important transformations of nitrogen within the soil system are microbially driven including immobilization and mineralization of N during decomposition. Gundersen et al. (1998) argued that although forest soils may have a large capacity to retain N, changes in the vegetation and forest floor were sufficient to change the functioning of the N cycle and result in NO 3 ⎯ leaching. Thus, the ability to predict N saturation will require a quantitative understanding of the rates of internal cycling within the plant, forest floor, and within the plant-soil cycle. The application and recovery of 15 N enriched tracers in forests has proven to be a powerful tool for gaining insight into N fluxes and transformations in soils (Davidson et al. 1990; Tietema and Wessel 1992) and vegetation (Preston et al. 1990 ). The present study contributes to the discussion regarding the function of the forest soil in nitrogen transformation of forest ecosystems. Tracing the two N forms within an ecosystem using 15 N is advantageous because the system natural N level is relatively unaltered. Furthermore, because N deposition in north temperate regions ranges from <2 kg·ha RESEARCH PAPER (Galloway et al. 1995) , it is important to determine whether assimilation of N inputs into forest ecosystem pools varies with N inputs. Therefore, we used 15 N tracer additions to experimental plots to address the following questions.
(1) What are the dominant sinks for N deposition in forests under beech seedlings plantation? (2) Does the ionic form of N deposition affect the fate of N inputs to pot cultured beech seedlings?
Materials and methods

Site description
The experimental site is located in the mountain range Solling, Lower Saxony, Germany. (NMELF, 1996) . The climate is characterized by a mean annual temperature of 6.5°C, mean annual precipitation of 1 050 mm and a frost-free period of 250 days. Three adjacent plots (area of each about 400 m 2 ) were chosen for the present study. They included a 100 to 120 year old stands of Norway spruce partly covered by grass, beech and a mixed spruce-beech stand.
Soil sampling and experimental design
In August of the first growing season some 120 intact soil columns (including forest floor) with 6.45 cm average depth were taken randomly from each stand (n = 40) using PVC cylinders (pots) with 15.2 cm (diameter) × 19 cm (depth). All soil samples were transferred to a green house partitioned into 4 wagons (250 cm length, 92 cm across, 26 cm height) with 10 replicates from soil samples of each stand at each one. The leachate from each sample passed through 10-cm quartz sand in a PVC cylinder set at the bottom of each pot, conducted the leachates through a silicon tube to a brown glass bottle. A cooling system was installed for circulating cool liquid permanently through a flexible tube spiraled four times around each pot to hold the temperature of the samples constant. The sides and the bottom of each wagon were isolated with a 4-cm thick Styropor. The empty spaces between the pots at each wagon filled with insulator materials to avoid the losses of temperature. The air and soil temperature were continuously recorded at 5 cm on top of the forest floor samples and at 3 cm depth (Fig. 1) . The samples were artificially irrigated every two days using a bore hole PVC cap (5 cm height) contained small nylon threads which came through the fine holes. The pH and the applied amounts of cations, anions and heavy metals in throughfall were calculated on the basis of the long-term annual input at the study area (Matzner 1989) . The element concentrations in the throughfall solution were constant during the experiment. The leachates volume of the soil solutions were collected in four weeks intervals and stored at 4°C until further processing.
Fig. 1 Experiment design and installations of pot cultured beech seedlings at the greenhouse
Treatments
Some 6-8 beech seeds were cultured in half of the pots (n = 60) in depth of 0.5 cm in the last week of August of first vegetation year, which germinated after about three weeks. The control treatments (including cultured and non-cultured), each with 18 replicates, received no nitrogen by throughfall. In the 15N tracer treatments (n = 84), cultured and non-cultured samples were supplied either with 1. Seedlings biomass sampling and analyzes Seed leaves and leaf samples of the first vegetation year were taken from the shoot tips about 15 weeks after bud break at December. Leaf samples of the second vegetation year were collected at mid November. Plant compartments were divided into seed leaves, leaf litter of the first and second growing seasons, stem, coarse roots (≥ 3 mm diameter) and fine roots (<3 mm diameter) which involved those in the forest soil containing mycorrhizal and non mycorrhizal root tips and fine roots developed in sand layer underneath. The root system partitioned by size and depth in order to represent some trends in biomass and 15 N distribution between the belowground biomass compartments. Roots were separated carefully from the forest soil (including forest floor) by washing and sieving method for several times. in the reference (non-labeled) N pool and irrigation volume is total throughfall (l).
Gas measurements
Nitrous oxide fluxes from each soil sample were measured once per month from early October of the first growing season through late November of the second vegetation year. After closing the headspace by a gas-tight lid above the column, gas samples were taken with evacuated glass bottles (100 ml) after 0 and 20 min of incubation via small silicon tube connecting the lid and the glass bottle. Gas samples were analyzed by injection of gas sample into the port of a gas chromatograph (GC 14 A, Shimadzu, Duisburg, Germany) equipped with two detectors, a flame ionization detector (FID), and an electron capture detector (ECD) (Loftfield et al. 1997) . The N 2 O emissions were calculated using linear regression of the change in gas concentrations, based on the following equation:
where F is the flux rate of N 2 O (µg·m
) is unit conversion factor for calculating N 2 O flux rate, T is the air temperature (°K), P is the atmospheric pressure (kPa), V is the air volume of the headspace gas above the samples (l), A is the area of forest floor samples (m 2 ) and ΔC/Δt is the rate of change in concentration of N 2 O, within the headspace (µl·l -1 ·h -1 ).
Soil biochemical analyzes
All forest soil samples of the control and 15 N-fertilized treat-
ments were homogenized well to analyze nitrate and ammonium concentrations with 0.5M K 2 SO 4 solution. Moisture content was determined on sub-samples by drying to constant weight at 105°C. Microbial C (C mic ) and N (N mic ) were determined using the chloroform fumigation-extraction method (Brookes et al. 1985) . In total, 50 g field-moist sub-samples in two replicates were taken, One pair was immediately extracted with 0.5 M K 2 SO 4 (approx. 5:1 ratio of solution to dry weight soil). The other pair was fumigated for 5 days with ethanol-free chloroform. Subsequently the chloroform was removed by evacuation and the soils were extracted by 0.5 M K 2 SO 4 (~ 5:1 ratio of solution to dry mass soil). The differences in organic C and total N extracted between the fumigated and non fumigated samples (C and N flushes) are assumed to represent the C and N released from lysed soil microbes. The C and N flushes were converted to microbial biomass C and N, respectively, using a correction factor k C = 0.45 (Joergensen 1996) and k N = 0.68 for five day fumigated soils (Brookes et al. 1985) . The Organic C in the K 2 SO 4 extracts was analyzed by dry combustion at 680°C using TOC 5050 A shimadzu carbon analyzer (Shimadzu GmbH, Duisburg, Germany). The extracted ammonium, nitrate and total N were analyzed by a continuous flow system spectrophotometer (Skalar Analytic GmbH, 41812 Erkelenz, Germany). A sub-sample of forest soil (including forest floor) in each pot was analyzed to determine total C and N by dry combustion in a CN-auto analyzer (Vario, Elementar Analysensysteme, Hanau, Germany) and soil pH (digital pH-meter, WTW GmbH Wesl-Germany 
Statistical analyses
The Mann-Whitney U-Test at p<0.05 level, was used to evaluate the significance of differences between the treatments in individual plant compartments, performed by the program Statistica version 6.0.
Results and discussion
N budgets
Estimated nitrogen budgets for all treatments were calculated as a total input minus output (leaching and N 2 O fluxes) and net plant N uptake over the incubation period ( ) lower than the ΔN balance difference of the control cultured and non-cultured treatments (0.28 g·m -2 ).
These data implies nearly equal total N balance across the treatments, as the biomass and N concentration of the fine roots in 15 N-fertilized were not affected with N additions compared to control cultured treatments.
Microbial immobilization of Nitrogen affected by N input
The effect of N tracer input on microbial immobilization through measurements of microbial biomass (C mic ) in forest soil (including forest floor) differed between the treatments. While the values of microbial biomass C in 15 N-fertilized plant treatments were markedly higher than the values of corresponding control plant treatment, no significant effect of N additions were detected between the non-cultured treatments ( Table 2 ). The same trend of differences was detected also by comparing the microbial C/N ratios between the 15 N-fertilized cultured and non-cultured with corresponding control treatments. Analyses of variance (p<0.05) revealed no significant differences on N immobilization by microbial biomass (N mic ) across the control and the corresponding cultured and non-cultured 15 N-fertilized treatments. This can be explained partly by rapid microbial immobilization/ re-mineralization of added mineral N as the major process by which added nitrate and ammonium immobilized in the forest soil. At the present study, after 442 days of tracer application the amounts of 15 N retained in the forest soils accounted for 32.2-31.4 mg m -2 after 15 N-ammonium versus 12.0-8.29 mg·m -2 after 15 N-nitrate in cultured and non-cultured treatments (Table   5 ). The total recoveries of the applied 15 N retained in the forest soils of cultured and non-cultured samples accounted for 34.6%-33.7% after 15 N-NH 4 + versus 13.1%-9.0% after 15 N-NO 3¯ in fertilized cultured and non-cultured treatments. This states that biotic and abiotic ammonium assimilation capacities of forest soils were more exceeded with N additions, than were the nitrate assimilation capacities (Durka et al. 1994; Buchmann et al. 1996) ), where they contribute to 6.29% and 6.85% of total seedlings biomass, respectively. Comparing the below ground compartments coarse roots due to a larger pool size (20.5% of the total seedling biomass production) comprised 0.050-0.065 mg·g -1 of 15 N tracer retention (Table 3 ) and (Table 4 ). The retained 15 N in roots can be attributed to direct N uptake and to some extent foliage litter re-translocation of nitrogen products at the end of the season. The fine roots system grew in forest soil and sand layer underneath accounted for 0.034-0.037 mg·g -1 and 0.096-0.130 mg·g -1 of 15 N tracer uptake, although they comprised only 4.77%-5.73% of the total plant biomass. In consistent with Nadelhoffer et al. (2002) the differences between total fine root biomass in fertilized and non-fertilized treatments (10.5 vs.10.7%) were not statistically significant, suggesting that fine root turnover and production either, do not vary or that they tend to decrease as N availability increases. In consistent with Magill et al. (1997) (Nadelhoffer et al. 1984) . could have a greater effect on seedlings growth than ammonium deposition. Some tracer studies are consistent with our finding that trees compete better for nitrate than for ammonium inputs. For instance, found total percent recoveries of 15 N in the oak and red pine plantations were typically greater after 15 N-NO 3 ⎯ than after 15 N-NH 4 + additions. Studies of cation surplus in beech tree leaves in relation to assimilated nitrogen (Beese 1986 ) indicated that the beech trees take up mineral nitrogen primarily in the form of nitrate which is then reduced in the leaves. The processes which could have contributed to greater recoveries of tracer after 15 N-NO 3 ⎯ than after 15 N-NH 4 + additions may be the tree species preference for nitrate, or greater competition between tree roots and soil microbes for ammonium (microbial preference for ammonium) , or more rapid movement of nitrate to root surfaces . Any or all of these processes could have to some extent contributed to greater recoveries of tracer after 15 N-NO 3 ⎯ than after 15 N-NH 4 + inputs. Comparing percent recoveries of 15 N in above-and belowground compartments revealed that most of the 15 N taken up by the plants was used to build up the above ground seedlings (53.9%-46.8%), while coarse roots and total fine roots system accounted for (28.1%-30.3%) and (18.1%-22.8%) after 15 N-NH 4 + and 15 N-NO 3 ⎯, respectively. Nadelhoffer et al.(1993 Nadelhoffer et al.( , 1995 , forest soil in our study appeared to be stronger sinks for 15 N additions than were plants. Groffman et al. (1993) and Buchmann et al. (1996) non-cultured treatments. This can be explained by the preference of ammonium to nitrate by soil microorganisms, followed by higher microbial immobilization of ammonium and also adsorption of ammonium through pure physicochemical reactions onto exchange sites of organic matter, while nitrate due to a lower retention capacity relative to ammonium is lost mainly into leachate (e.g. Matschonat and Matzner 1996; Aber et al. 1998 ). This could be seen after two growing seasons of 15 N tracer application that more 15 N-nitrate than 15 N-NH 4 + were incorporated into leachate (Table 6 ). non-cultured treatments, has presumably been lost by denitrification (Table 6 ). In agreement with our results Mochoge and Beese (1983) demonstrated losses of labeled nitrogen in forest soils in the range of 10%-35%. Melin et al. (1983) reported the rates of the labeled N lost after two successive growing seasons NH 4 NO 3 fertilizer application in a Pinus sylvestris stand amounted to 11%-31%. Our data further exhibited that the losses after 15 N-NH 4 + addition were up to 2.7 times higher than after 15 N-NO 3 ⎯ application. This may presumably due to the transport behavior of these ions in the forest floor. The anionic nitrate which did not interact with the organic matter was leached out much faster than the cationic ammonium. Consequently, there was not enough time for further nitrate transformations as was the case for ammonium. The 
Conclusion
The results of the present study demonstrated that the applied nitrogen in plant available forms to a lower extent is taken up directly by the plants leading to an immobilization via the litter and forest soil. In this 15 N tracer study, the organic soil horizon was identified as the major N sink for ammonium and nitrate deposition, reflecting a high immobilization capacity of soil microorganisms. N-NO 3 ⎯ in equivalent amounts were applied the presented results can be used to determine how forms and rates of the N-input affects the distribution of nitrogen into different components of the system. The form of N input influenced its movement into plant pools. It was demonstrated that beech seedlings assimilate nitrogen mainly in the form of nitrate, which is then reduced in the leaves, although the differences between the retention of NO 3 ⎯-N and NH 4 + -N in plants were not statistically significant. It was evident that not the plants but the microorganisms can responsible for a substantially higher retention of NH 4 + than NO 3 ⎯ in total plant-soil system.
